The 2011 Pediatric Infectious Diseases Society/Infectious Diseases Society of America (PIDS/IDSA) guideline for the management of children with communityacquired pneumonia (CAP) recommends narrow-spectrum antimicrobial therapy for most hospitalized children. 1 Reasons for this recommendation include the recognition of Streptococcus pneumoniae as the leading bacterial pneumonia pathogen among children, [2] [3] [4] reductions in pneumococcal disease caused by penicillin-resistant strains after introduction of pneumococcal conjugate vaccines, [5] [6] [7] [8] and demonstrated effectiveness of higher-dosed penicillin-based therapies for relatively resistant pneumococcal infections outside of the central nervous system. 9, 10 Implicit in these recommendations is also the desire to increase awareness about the epidemic of antimicrobial resistance, due in part to overprescribing of broad-spectrum antibiotics for upper and lower respiratory tract infections. 11, 12 Evidence notwithstanding, the guideline recommendation for parenteral penicillin or ampicillin as empirical therapy for children hospitalized with CAP represents a significant departure from quotidian practice in the United States. A retrospective study of children hospitalized with CAP at 29 US hospitals between 2005 and 2010 demonstrated that ,10% received penicillin or ampicillin as empirical therapy. 13 One argument against the guideline recommendation is that the increased dosing frequency of the relatively inexpensive narrow-spectrum antibiotics may increase hospitalization costs. Another is the perception that broadspectrum therapy results in faster recovery and better clinical outcomes compared with narrow-spectrum therapy. 14 Nevertheless, few studies have directly compared the effectiveness of narrow-spectrum agents to the broader spectrum third-generation cephalosporins commonly used among hospitalized children with CAP.
We sought to compare clinical outcomes and resource utilization among children hospitalized with CAP receiving empirical parenteral therapy with either narrow-(ampicillin or penicillin) or broad-spectrum (ceftriaxone or cefotaxime) antimicrobial agents.
METHODS

Data Source and Patient Population
We used data from the Pediatric Health Information System (PHIS) database (Children' s Hospital Association, Overland Park, KS). The PHIS administrative database contains clinical and billing data from 43 freestanding, tertiary care children' s hospitals and accounts for ∼20% of all US pediatric hospitalizations. Data quality is ensured through a joint effort between the Children' s Hospital Association and participating hospitals as described previously. 15 In accordance with the Common Rule (45 CFR 46.102(f)), and the policies of the Cincinnati Children' s Hospital Medical Center Institutional Review Board, this research, using a deidentified data set, was not considered human subjects research.
Children aged 6 months to 18 years were eligible for inclusion if they were hospitalized between July 1, 2005, and June 30, 2011, with an International Classification of Diseases, Ninth Revision, Clinical Modification-coded diagnosis of pneumonia (480-486, 487.1). 16 The lower age limit sought to minimize the inclusion of children with ,2 doses of routine childhood immunizations (including Haemophilus influenzae and Streptococcus pneumoniae). Because there are no validated disease severity measures for childhood CAP, several design restrictions were created to minimize concerns regarding confounding by severity. We excluded children with potentially severe pneumonia or those at risk for health care-associated infections including children with $1 complex chronic conditions, 17 interhospital transfers, previous hospitalization at a PHIS hospital within 30 days of the admission date, and children with any of the following during the first 2 calendar days of hospitalization: pleural drainage procedure, admission to intensive care, mechanical ventilation, or death. In addition, to exclude children with mild disease (ie, brief hospitalization) and to ensure a consistent ascertainment of empirical antimicrobial exposures, we also required children to have $2 calendar days of hospitalization.
Exposures
Antimicrobial therapy was classified as narrow-or broad-spectrum based on antimicrobial agents received during the first 2 calendar days of hospitalization. Narrow-spectrum therapy was defined by the exclusive use of parenteral penicillin or ampicillin, and broadspectrum therapy was defined by the exclusive use of parenteral ceftriaxone or cefotaxime. With the exception of macrolides or oseltamivir, children receiving other antimicrobial agents during the first 2 calendar days of hospitalization were excluded, as were those with antibiotic class switching (eg, from ceftriaxone to ampicillin) because antimicrobial changes during the first 2 days of therapy are likely not related to treatment failure.
Outcomes
The main outcome measure was total hospital length of stay (LOS) for the index hospitalization. Additional outcomes included admission to intensive care (after the first 2 calendar days), 14-day all-cause readmission, and total costs for the admission and the entire episode of illness (accounting for 14-day readmissions). Cost data were estimated using hospital-specific cost-tocharge ratios and adjusted for hospital location using the Centers for Medicare and Medicaid price/wage index.
Covariates
Model covariates included patient demographics (age, gender, race/ethnicity, payer); calendar time (hospitalization year and month); hospitalization at PHIS hospital within the preceding 6 months; asthma comorbidity (asthma-related hospitalization within the preceding 6 months or use of chronic asthma controller medications on the first day of hospitalization) 17 ; and resource utilization during the first 2 calendar days of hospitalization, including oxygen therapy, advanced imaging (ultrasound or computed tomography), blood gas analysis, receipt of blood products, or receipt of other selected medications (macrolides, oseltamivir, bronchodilators, and corticosteroids).
Analysis
Characteristics of the exposure groups were summarized using frequencies and percentages for categorical variables and median and interquartile ranges (IQRs) for continuous variables. Bivariate comparisons used x 2 and rank-sum tests as appropriate. Multivariable linear and logistic regression models evaluated the association between narrow-versus broad-spectrum antimicrobial use and outcomes while accounting for study covariates. Continuous outcomes with nonnormal distributions were log transformed, and normality was verified before model fitting with appropriate back transformation for reporting.
To further address the possibility of residual confounding by indication, we applied a propensity score matching strategy. Study covariates were used in the calculation of a propensity score by using a multivariable logistic regression model with antibiotic therapy (narrow versus broad spectrum) as the dependent variable (model c statistic = 0.68). Observations from exposure groups were matched 1:1 on propensity score using nearest-neighbor matching with a caliper set at one-quarter of the SD of the logit of the propensity scores. 18 Visual inspection of the distribution of propensity scores between antibiotic groups revealed good overlap after matching.
A planned subgroup analysis for children with and without acute wheezing was also performed for LOS. Children presenting with acute wheezing and concurrent evidence of pneumonia impose clinical uncertainty regarding the diagnosis (eg, pneumonia versus atelectasis in the setting of acute asthma) and the potential etiology (viral or atypical pathogens versus typical bacterial pathogens). Children with wheezing are also often treated with bronchodilators and corticosteroids, which may hasten recovery and influence outcomes. For this analysis, bronchodilator therapy was considered a proxy for acute wheezing. Children receiving bronchodilator therapy on the first 2 calendar days of hospitalization were categorized as having acute wheezing.
RESULTS
Study Population
There were 149 853 children hospitalized with CAP during the study period. After exclusion criteria were applied (Fig 1) , 15 564 children remained and constituted the study population. Broadspectrum therapy was administered to 13 954 (89.7%) children, and 1610 (10.3%) children received narrowspectrum therapy. Children receiving broad-spectrum therapy were slightly older and more likely to be male, of non-Hispanic white or Hispanic race/ ethnicity, and to have private insurance compared with children receiving narrow-spectrum therapy. Those receiving broad-spectrum therapy were also more likely to receive advanced imaging, blood gas analysis, and macrolides but were less likely to have had a recent hospitalization, a history of asthma, or to receive bronchodilator or corticosteroid therapy (Table 1) . Only 1 child died.
LOS
The median LOS for the study population was 3 days (IQR 3-4). The median LOS was shorter among those receiving narrow-spectrum therapy compared with those receiving broad-spectrum therapy in bivariate analysis; however, these differences were not significant after adjustment for potential confounders (adjusted difference [aD] 0.12 days, P = .11; Table 2 ).
Intensive Care Admission and 14-Day Readmission
One hundred and fifty six (1.1%) children receiving broad-spectrum therapy and 13 (0.8%) children receiving narrowspectrum therapy were admitted to intensive care after the first 2 days of hospitalization (P = .26). Readmissions within 14 days of discharge did not differ between those receiving broadspectrum therapy (n = 321, 2.3%) and narrow-spectrum therapy (n = 39, 2.4%; P = .76). In multivariable analyses, the odds of admission to intensive care and 14-day readmission did not significantly differ between children treated with broad-versus narrow-spectrum antimicrobial therapy (Table 2) .
Costs
Unadjusted costs were higher among those receiving narrow-spectrum therapy for both the index hospitalization (median costs $4375 vs $3992, P , .001) and the total episode of illness ($4407 ] vs $4036, P , .001). However, in adjusted analyses, differences in costs were not statistically significant (aD -$14.4, P = .78 for index hospitalization; aD -$19, P = .71 for episode of illness; Table 2 ).
ARTICLE Propensity Score-Matched Cohort
Propensity score matching retained 1044 children in each exposure group. There were no baseline differences in characteristics of the study population between the 2 groups ( Table 1) . Results of the matched analysis did not differ from those of the primary analyses. There were no significant differences between groups with respect to LOS (aD 0.01 days, P = .71), admission to intensive care (adjusted odds ratio 1.0, P = .43), 14-day readmission (adjusted odds ratio 1.0, P = .48), or costs (aD 2$109, P = .71 for index hospitalization; aD -$47, P = .2 for episode of illness; Table 3 ).
Subgroup Analysis
There were 4876 children in the broadspectrum therapy group (34.9%) and 476 in the narrow-spectrum therapy group (29.6%) with acute wheezing. Children in the acute wheezing subgroup had similar median LOS compared with the nonwheezing subgroup (3 days [IQR 3-4] vs 4 days [IQR 3-4], P = .71). We observed no significant differences in LOS between antibiotic exposure groups in both the acute wheezing (aD 0.1 days, P = .5) and nonwheezing (aD 0.15 days, P = .21) subgroups.
DISCUSSION
Among .15 000 children hospitalized with CAP, there were no differences in LOS, costs, need for intensive care, or readmissions between those treated with parenteral ampicillin or penicillin and those treated with broader spectrum third-generation cephalosporin therapy. Our findings suggest that the effectiveness of narrowspectrum therapy is similar to that of broad-spectrum therapy for children hospitalized with CAP and provides new evidence to support the 2011 PIDS/IDSA CAP management guideline. The low frequency of narrow-spectrum therapy usage observed in our study highlights a substantial opportunity to promote greater use of narrow-spectrum antimicrobial agents for children hospitalized with CAP.
The effectiveness of narrow-versus broad-spectrum antimicrobial therapy for pediatric CAP that required hospitalization has been compared in a few small, randomized trials, but no largescale randomized controlled trial has conclusively addressed this question. A randomized trial that studied 154 children ,5 years of age hospitalized with severe CAP in Brazil found that empirical therapy with parenteral amoxicillin/clavulanic acid was as efficacious as combination therapy with oxacillin and ceftriaxone. The study demonstrated no differences in the time to stability (duration of fever or supplemental oxygen requirement) or the need for expanded antimicrobial coverage between the 2 treatment groups. 19 In fact, children treated with amoxicillin/clavulanic acid had a shorter duration of tachypnea and shorter hospital LOS. In a similar study, 154 Finnish children with pneumonia, Among these children, 59% received broad-spectrum therapy alone, 13% narrow-spectrum therapy alone, and 28% other antimicrobial agents.
sepsis, or other acute invasive bacterial infection requiring hospitalization were randomized to receive either parenteral penicillin or cefuroxime. Of the included children, 47% were diagnosed with pneumonia and nearly 40% had evidence of S pneumoniae infection. There were no differences in outcomes (time to recovery, normalization of laboratory parameters, or treatment failure) between the 2 antibiotic treatment groups. 20 These small trials were conducted in regions with relatively low rates of pneumococcal resistance to penicillins compared with the United States or were not limited to CAP. Thus, their findings may not be directly applicable to children hospitalized with CAP in the United States.
Observational studies have also assessed the effectiveness of narrowspectrum antimicrobial therapy for the treatment of CAP in children. A study among 319 Israeli children ,2 years of age hospitalized with CAP demonstrated no differences in duration of oxygen requirement, hospital LOS, or treatment failures between children receiving parenteral aminopenicillins (n = 66) and those receiving parenteral cefuroxime (n = 253). 21 After the implementation of an antibiotic stewardship program and a local practice guideline in a tertiary US children' s hospital, Newman et al demonstrated a significant increase in use of ampicillin from 15% to 60%, a corresponding decrease in ceftriaxone use, and no significant difference in the rate of treatment failure among .1000 children hospitalized with uncomplicated CAP. 22 That study was conducted in an Data presented as median [IQR] or n (%). Models adjusted for age, gender, race/ethnicity, payer, asthma comorbidity, previous hospitalization, month and year, resource utilization (oxygen therapy, blood products, chest ultrasound and computed tomography, blood gas analysis), and concomitant medication use (macrolides, bronchodilators, corticosteroids, oseltamivir). CI, confidence interval; MD, mean difference; OR, odds ratio.
area with a relatively high rate of pneumococcal resistance to penicillin (∼25% of isolates). Using PHIS data from 2006 to 2008, Ambroggio et al compared the effectiveness of b-lactam monotherapy versus a b-lactam in combination with a macrolide, and demonstrated shorter LOS for those receiving macrolide combination therapy in children aged $6 years. 17 A subgroup analysis comparing narrowversus broad-spectrum b-lactam monotherapy showed no differences in LOS or readmissions. However, that study included children with short LOS (eg, admitted and discharged on the same day) and those receiving oral therapy only and did not exclude children with early antimicrobial class switching (eg, ceftriaxone for ampicillin). In contrast, our study focused on the direct comparison of specific parenteral antibiotic regimens and excluded children with mild disease.
Antimicrobial selection for treatment of pediatric CAP is nearly always made without direct knowledge of the causative microorganism. The findings from our study suggest that narrowerspectrum therapies are not inferior to broader-spectrum therapies. Although the importance of viruses as causes of CAP among children is increasingly recognized, [23] [24] [25] [26] [27] [28] distinguishing viral from bacterial etiologies is difficult. Without rapid and sensitive bacterial diagnostics at the point of care or trials demonstrating the efficacy of no treatment, our findings indicate therapy with narrow-spectrum antibiotics is effective for most children hospitalized with CAP, as recommended by the PIDS/IDSA CAP management guideline.
Optimizing antimicrobial usage is important for minimizing the spread of antimicrobial resistance on a global scale. More than 150 000 US children are hospitalized with CAP annually, making it among the most common indications for hospitalization in childhood. 29 Discouraging the use of unnecessarily broad-spectrum antimicrobial agents for children hospitalized with CAP therefore has the potential to markedly reduce selective pressure for antimicrobial resistance. Our study noted that only 10% of study children received empirical therapy with penicillin or ampicillin. Wide variation in prescribing of antimicrobial agents for children hospitalized with CAP has been observed across PHIS hospitals, although ,5% of children with CAP receive narrow-spectrum therapy at most hospitals. 13 Thus, although some institutions often used narrowspectrum therapy for uncomplicated CAP, most did not, highlighting an important opportunity for improvement in antimicrobial selection. Previous studies have demonstrated the feasibility and effectiveness of stewardship programs and dissemination of local practice guidelines on changing antimicrobial selection for CAP management. 22, [30] [31] [32] [33] The publication of the first consensus guidelines for childhood CAP management could serve as a catalyst for these initiatives.
The overall cost of hospitalization did not differ between children treated with narrow-versus broad-spectrum antimicrobial therapy in our study. This finding suggests that routine use of penicillin or ampicillin does not contribute to substantial increases in hospitalization costs despite the increased dosing frequency of these medications compared with some third-generation cephalosporins, such as once-daily ceftriaxone. Although pharmacy costs may differ in local environments, differences are likely small and not a major driver of hospital costs. Thus, other cost-saving measures, such as promoting early transition to oral therapy, improving diagnostics to facilitate reduced antimicrobial use, or interventions to reduce hospital LOS, may prove more effective in minimizing total hospital costs. 34, 35 Limitations of the study are largely related to the observational study design and include the potential for confounding by indication, absence of etiologic and other clinical data, and a relative lack of objective outcome measures. In the absence of large randomized efficacy trials, well-designed observational studies provide valuable data on the effectiveness of therapies and interventions on a large scale. Several steps were taken to reduce potential confounding due to differential use of narrow-or broadspectrum therapy based on illness severity. First, we excluded children with indicators of severe disease at or near the time of presentation (eg, admission to intensive care). We also excluded children with indicators of particularly mild disease (eg, receipt of oral antimicrobial agents on the first hospital day or hospital LOS ,2 calendar days). Second, a number of factors that may influence antimicrobial selection, including proxy measures of disease severity, were accounted for in our multivariable analyses. Furthermore, our propensity score matched analysis, which substantially minimized the differences between exposure groups, also produced results similar to those from the unmatched cohort, lending further support to our study' s primary results. Although we cannot eliminate residual confounding due to unmeasured covariates, the careful selection of our study population as well as the use of robust modeling techniques minimizes this concern. The distinction between bacterial and viral causes of CAP in children is difficult, even in prospective studies. Residual misclassification after application of selection criteria in this regard would be expected to be nondifferential between the 2 empirical treatment groups, favoring the null hypothesis. Although the PHIS database does not contain results of microbiologic testing, our study was restricted to children who received antimicrobial therapy, which suggests clinical suspicion of and treatment of bacterial pneumonia. Similarly, hospital-specific data, such as the presence or absence of local practice guidelines or stewardship programs was not available. Finally, our assessment focused on the evaluation of empirical antimicrobial treatments but did not characterize antimicrobial class switching after the first 2 days of hospitalization.
CONCLUSIONS
Clinical outcomes and costs for children hospitalized with CAP are not different when empirical treatment is with narrow-spectrum compared with broad-spectrum therapy. Few institutions used narrow-spectrum therapy routinely before publication of the PIDS/ IDSA CAP management guidelines. Programs promoting guideline implementation and targeting judicious antibiotic selection for CAP are needed to optimize management of childhood CAP in the United States.
